Abstract-We report on the characterization at high frequencies of DyBa2Cu307., thin film ramp-type junctions with a PrBazCuj07., barrier fabricated on MgO substrates using a thin SrTi03 buffer layer. Josephson emission has been detected over a wide temperature range from 4.2 K to 85 K at millimeter wavelengths using a sensitive receiver. Measured spectrum characteristics, emitted power and linewidth are well described by theoretical models. Signal frequency down conversion has been carried out in two different modes using external and internal local oscillators. Wide band electronically tunable Josephson emission allowed us to achieve the frequency down conversion in a very sensitive self-oscillator-mixing mode up to 2.5 THz. For the first time, for any type of Josephson junction, selfoscillator mixing has been achieved at ambient temperatures as high as 80 K.
I. INTRODUCTION
High-Tc ramp-type junctions (RJs) are very attractive for applications in multilayer integrated cryogenic circuits such as high-clock-frequency RSFQ systems and sensitive solid state receivers [ 1, 2, 3] due to their HF parameters and geometrical configuration. Presently, the high level of the sample preparation technique and its reproducibility allow us to design and control the critical current IC and normal state resistance RN of RJs [1, 4] . The last property is especially important when optimum impedance matching is required. The maximum available value of the characteristic frequency of the RJs, fc = (2eA) ZcRN, corresponds to the THz operation range. Recently the mm-wave properties of RJs have been examined by Shapiro step measurements [5, 6] . However, some important questions have not yet been answered. First, how wide are the frequency and temperature margins for the Josephson behavior of RJs. Second, which mechanism is responsible for the internal wide band noise of RJs. To answer these questions we have used very sensitive and informative techniques of Josephson junction study: detection of Josephson emission and frequency down conversion. These techniques allow us not only to optimize efficiently the microwave characteristics of the junctions for practical use, but also to study the underlying physics of the junctions themselves [2, 3] .
We report on the results of three experiments carried out in the mm wave band: direct measurements of Josephson emission, self-oscillator mixing and heterodyne mixing. 
FABRICATION
In order to perform mm-wave investigations, the junctions have been fabricated on MgO substrates, which are suitable and frequently used materials. Because ramp-type junctions that are directly fabricated on MgO show an IcRN product that is reduced several times with respect to those on SrTi03 [6], a buffer layer has been added. SrTiO3 has been chosen since high quality junctions are made on this substrate. The junctions are typically 2 -6 ym wide and the electrodes have bow-tie antenna geometry. Below, a short description of the fabrication procedure is given.
First a trilayer of S~T~~~/ D~B~~C~~O . I . , / P~B~~ is grown on a MgO substrate by RF magnetron sputter deposition. Sputtering is performed in an Arlo2 (15:20) atmosphere at pressures between 0.23 and 0.35 mbar. The substrate is held at 770 "C (790 "C for PrBa2Cu307.,). The thicknesses are 55 nm, 100 nm and 120 nm respectively. The ramp is defined by conventional photolithography and argon ion milled at 500 V and an angle of 45". During etching of the ramp, care has been taken so that etching is stopped in the SrTi03 layer, as shown in Fig. 1 . After removing the photoresist the barrier and top electrode are deposited. Prior to deposition the sample is cleaned in situ by ion milling at 500 V to remove contamination and at 50 V to reduce the milling damage. Junction parameters Zc and RN are determined by the thickness of the barrier layer and the junction area. In this way RN can be varied between 1 and 30 Q for impedance matching purposes.
To fabricate high quality junctions on the SrTi03 buffer layer its crystallinity and morphology have been investigated by X-ray diffraction and AFM. The SrTi03 layer shows a high degree of crystallinity. The rocking curve of the (200) peak has a FWHM of 1.2". In addition the crystal axes of the buffer layer are well aligned to those of the MgO substrate as shown by the coincidence of the peaks in the cp-scan in Fig. 2 . Typical roughness of the buffer layer is 1 nm rms [7, 8] . This buffer layer allows for deposition of the subsequent layers applying the same deposition conditions as for SrTi03 substrates.
EXPERIMENTAL
In all experiments at mm wavelengths the samples on MgO substrates of 10 mm x 5 mm x 0.5 mm were mounted in a reduced-height waveguide wide-band matching structure coupled via impedance transformers to a section of standard K-band waveguide and then to a short section of W-band waveguide. The sample was also coupled to a 5042 semirigid cable to provide transmission of X-band signals. 
A. Josephson Emission
We have measured the intrinsic electromagnetic emission from the RJs at different frequencies [lo] . Typical experimental results are presented in Fig.3 for a RJ with width w=6 ym and with a relatively high characteristic voltage Vc = 1.2 mV at 4.2 K (RN =1 a) . Fig. 3a shows the emitted power I'J measured at 8 GHz plotted as a function of temperature. Nole that radiation has been detected over the whole temperature range practically up to Tc = 85 K. The voltages corresponcling to the radiation peaks are in agreement with the Joseph son equation VJ = (W2e)fJ. For comparison, we also present the corresponding theoretical curve obtained from the RSJ model [9] using the experimental parameters of the RJ:
where R, is the active part of impedance of the external line. It is seen that the experiment is in good qualitative agreement with the theory over the whole range of temperature. The shape of the PAT) curve is determined by the temperature dependence of ZdT) [4] . The latter is mostly responsible for the amplitude of the Josephson emission. The maximum detected power PJ 2 0.25 nW at temperatures below 40 K is much higher than those obtained earlier for other types of high-Tc junctions with similar parameters [2, 3] .
In contrast to the power PAT), the corresponding values of the linewidth AfJ (see Fig. 3b 
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where RD is the dynamic resistance and Ib the bias current.
We have also compared the linewidth with the predictions of a tunnel junction model, which includes the contribution of the current fluctuations. The expression for the linewidth of
Josephson emission for kBT >> eV is [9]:
where 
B. Self-oscillator mixing
Results on a very sensitive mode of operation of the Josephson junction as a self-oscillator mixer are presented in Fig.4 . The top part of Fig.4 shows the autonomous IVC of a ramp junction with RN = 1 SZ and the corresponding power vs.
voltage P(V) curve measured at 8 GHz. Two self-emission peaks occurred on either side of the origin at voltages VJ = f 16 pV, strictly related to the central frequency of the receiver through the known Josephson equation. The bottom part of Fig. 4 shows the transformation of IVC and P(V) of the junction irradiated by a signal at 108 GHz. The power of the signal is chosen so that the critical current is depressed less than 10% and only the first Shapiro step is induced (limit of weak was k = 11. This corresponds to 1.1 THz operating frequency of the RJ. The last property allows one to use relatively low frequency external sources to study the ac Josephson effect at very high frequencies, up to the far-infrared range where there is a lack of experimental results and of suitable equipment. The use of RJs with higher RN resulted in better impedance matching and has allowed us to perform frequency conversion at harmonics up to 2.5 THz. This experimental result is presented in Fig. 6 for a RJ with w = 3 ym, RN = 8 Q and T = 20 K.
C. Heterodyne mixing
In this mode the external Gunn generator atfm = 100 GHz has been used as a local oscillator (LO). Fig. 7 shows the classical mixer response to a signal at 108 GHz measured atfr = 8 GHz for a RJ (w = 3 ym, R N = 5.3 Q, IC= 45 yA) at T = 61 K. ZC of the RJ was pre-depressed to about 50% by the LO power to obtain the maximum value of the response atfr. The optimum value of the LO power has been found experimentally (see inset a in Fig. 7 ). Inset b in Fig.7 shows the measurement of the dynamic range of the RJ mixer, which is about 10 dB. External oscillator mixing has also been successfully performed over a wide temperature range.
V. CONCLUSIONS
DyBa2Cu307-x ramp junctions on MgO substrates with a thin SrTi03 buffer layer have been specially designed and fabricated' for various applications at mm-wave frequencies. Good HF performance of ramp junctions has been confirmed in the mm wave band over a very broad temperature range from 4.2 K to 85 K. The direct measurement of spectrum, characteristics of Josephson emission allowed us to explain nonlinear processes in RJs and the behavior of its intrinsic: noise in the framework of the tunnel junction model. A maximum detected power of the ramp junction of 0.28 nW is much higher than that obtained earlier for other high-Tc junctions. Results on frequency down conversion obtained at higher harmonics of the signal demonstrate the ability to use ramp junctions at THz frequencies.
